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Abstract 
Exercise has been suggested as a rehabilitative method for chronic pain patients, so it is of 
interest to determine the effects of regular exercise and physical activity on pain perception. 
Athletes have been shown to exhibit an altered level of pain modulation compared to inactive or 
regularly active individuals, though previous literature has put forth conflicting results as to 
whether athletes’ modulatory capacity is heightened or reduced. The current study seeks to 
redefine athleticism to allow for a more nuanced view of the impact of athletics on pain 
perception. We expanded upon the definition by measuring two distinct components – effort and 
ability. Undergraduate participants reported daily physical activity and exercise through the 
International Physical Activity Questionnaire, which served as their effort score. Subjects also 
gave a self-report of their overall athletic ability level. Conditioned pain modulation (CPM), or 
the tendency of one painful stimulus to inhibit another, was measured through a cold pressor-
weighted rod task. For this task, subjects rated the pain induced by pressure stimuli applied to the 
forearm while they held the opposite hand in a container of thermally neutral or cold water. 
Ratings were compared between the two thermal conditions. Analyses revealed no relationship 
between CPM and athletic ability or effort. However, a significant negative correlation was 
found between athletic ability and cold water pain ratings, suggesting that athletes with 
heightened ability may have lower pain sensitivities. The current study offers a more thorough 
analysis of athleticism, and future studies should go beyond self-report to examine the variances 
in pain perception through direct measures of athletic ability and effort. 
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Cutaneous Perception and Physical Activity 
Chronic pain has become a persistent issue in healthcare today on a number of fronts. It is 
suggested that approximately 25.3 million Americans suffer from daily chronic pain, a problem 
that comes with an annual cost of around $635 billion (Gaskin & Richard, 2012; Nahin, 2015). 
Attempts to medicate chronic pain symptoms have contributed to an increase in opioid 
prescriptions and related overdose deaths, though evidence that opioids sufficiently improve 
functioning and quality of life for chronic pain patients is lacking (CDC, 2017). These issues 
point to the need for novel and effective therapies and preventative measures to target chronic 
pain. Thus, research that contributes to an increased understanding of the underlying mechanisms 
and factors associated with pain is of heightened importance.  
Endogenous Pain Modulation and Chronic Pain  
Endogenous pain modulation refers to the ability of the central nervous system to alter an 
individual’s perception of noxious stimuli. Incoming nociceptive, or painful, messages are not 
simply received by the body, but can actually be modulated through descending inhibitory or 
facilitatory messages. These descending messages are sent from the brain stem to the spinal cord, 
acting as a “pain-controlling pathway” to alter incoming pain signals (Yarnitsky, 2015). 
These modulatory processes have become a large focus of research that seeks to heighten 
our understanding of the mechanisms associated with pain. In the field of animal research, Le 
Bars, Dickenson, and Besson (1979) first coined the term “diffuse noxious inhibitory controls” 
(DNIC), referring to a pain modulatory pathway in which one painful stimulus inhibits another. 
This process is thought to inhibit wide dynamic range neurons within the dorsal horn of the 
spinal cord, causing widespread reduction in pain. Le Bars et al. tested this mechanism through 
the activation of dorsal horn neurons via input from Aα and C fibers in anesthetized rats. 
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Simultaneous secondary noxious stimuli applied to a separate area of the body, such as a pinch to 
the tail or muzzle, successfully inhibited neuronal activity. This inhibition was indicative of an 
efficient DNIC response. Innocuous stimuli (e.g. light tactile stimulation), however, did not elicit 
a similar DNIC response, suggesting that this inhibitory circuit strictly works within the realm of 
pain. 
Findings on diffuse noxious inhibitory controls prompted researchers to extend this 
concept to human subjects. In this line of research, “conditioned pain modulation” (CPM) has 
become a paradigm for evaluating an individual’s DNIC response. An efficient CPM response is 
indicated by the attenuation of pain from a noxious test stimulus through the simultaneous 
addition of a painful conditioning stimulus. In other words, this procedure directly tests the “pain 
inhibits pain” phenomenon (Yarnitsky, 2015).  
Researchers employing this paradigm have found that patients with chronic pain exhibit 
deficits in endogenous pain modulation. Pain syndromes including fibromyalgia, osteoarthritis, 
and muscle pain have all been linked to a less efficient CPM response (Yarnitsky, 2015). A study 
comparing pain modulation in fibromyalgia patients to healthy controls supported this theory, 
showing that the fibromyalgia patients were unable to attenuate the pain of the test stimulus 
when the painful secondary stimulus was added (Lautenbacher & Rollman, 1997). Results 
implied that an efficient CPM response acts as a barrier to prevent pain from becoming 
widespread.  
With this knowledge, researchers seek to determine rehabilitative methods that may 
improve an individual’s level of pain modulation. One such method might operate through 
regular exercise, which may offer potential physiological benefits that aid in the alteration of 
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pain perception (Tesarz, Schuster, Hartmann, Gerhardt, & Eich, 2012). Thus, physical activity 
and exercise may be advantageous in enhancing CPM in chronic pain patients. 
Physical Activity and Pain 
 Physical activity has been suggested to not only improve overall health, but to have a 
direct impact on various aspects of pain processing as well. To test the influence of physical 
activity on pain sensitivity, healthy participants were put through an aerobic exercise-training 
regimen (Jones, Booth, Taylor, & Barry, 2014). Specifically, ischemic pain tolerance, or the 
ability to withstand pain resulting from decreased blood flow, was measured before and after 
engaging in the exercise program. Results showed an increase in both aerobic fitness and 
ischemic pain tolerance, suggesting a causative relationship between exercise and improved pain 
responsiveness.  
 Along the lines of pain responsiveness, physical activity levels have also been linked to 
diminished pain facilitation. Temporal summation is an example of pain facilitation, and refers to 
a heightened sense of pain from the buildup of noxious stimuli. To test the link between activity 
and temporal summation, researchers gathered self-reported levels of walking, moderate, and 
vigorous physical activity from healthy adults (Naugle & Riley, 2014). Findings showed that 
heightened levels of both total physical activity and vigorous activity predicted reduced temporal 
summation of heat pain. This suggests that vigorous activity may be a driving factor behind 
alterations in endogenous facilitatory systems.  
 Physical activity can also influence endogenous inhibitory capacity. Individuals who 
engaged in greater amounts of moderate physical activity exhibited heightened CPM responses 
(Umeda, Lee, Marino, & Hilliard, 2016). However, when vigorous activity was controlled for, 
the beneficial effects of increased moderate physical activity were negligible. Therefore, greater 
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moderate activity did not add to the benefits gained by vigorous activity. These results support 
the relationship between CPM and activity found by Naugle and Riley (2014). Once again, 
vigorous activity appeared to be the driving factor behind enhanced modulatory capacity. This 
opens up the interesting question of CPM efficiency exhibited by athletes, who undergo vigorous 
training sessions on a regular basis.  
Athleticism and Pain 
 Athletes provide an excellent group for observing the effects of regular exercise on pain 
modulation, and often exhibit resilience to pain resulting from injury or intense training. Further, 
this group is of particular interest because athleticism goes beyond an individual’s level of 
physical activity, and extends into their skill and excellence in sport. However, with this more 
nuanced definition of athleticism comes a cause-and-effect debate concerning the connection 
between athletics and enhanced pain modulation. It is unclear whether individuals may reach a 
higher caliber of athletics because they are naturally able to modulate their pain and therefore 
able to train at a higher level, or if this enhanced modulation is the result of training. To begin 
uncovering the answer to this question, the nature of the relationship between athleticism and 
pain should be examined further. 
 Research in athleticism and pain has mainly focused either on static pain, measured 
through pain tolerance or threshold, or on dynamic pain, measured through the CPM paradigm. 
In the literature, alterations in general pain sensitivity have been linked to athletic training. For 
example, highly conditioned competitive swimmers exhibited heightened ischemic pain 
tolerance compared to both lesser-trained club swimmers and non-competitive athletes (Scott & 
Gijsbers, 1981). Interestingly, tolerance fluctuated in these swimmers as their competitive season 
progressed, with heightened tolerance at the peak of their training. This finding suggests that 
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pain sensitivity may be directly related to the level of athletic effort put forth by an individual. 
Similarly, ultra-marathon runners exhibited heightened pain tolerance in response to a cold 
pressor task, as well as lower pain ratings compared to controls (Freund et al., 2013). Overall, 
these results indicate that even across varying types of sport, pain perception may be similarly 
modified. 
 Recent research on pain modulation indicated a relationship between lean muscle mass 
and CPM (Stolzman & Bement, 2016). The researchers measured pressure pain thresholds (PPT) 
at the nailbed and deltoid muscle, ultimately finding a correlation between CPM and lean muscle 
mass at the deltoid. A possible explanation behind this observation is found in the relationship 
between CPM and opioids. Opioid antagonists (e.g. naltrexone) have been found to attenuate 
CPM efficiency, suggesting that CPM is partly mediated by endogenous opioid release (King et 
al., 2013). Skeletal muscles play a role in this mechanism by releasing opioid peptides (e.g. 
enkephalins), thus aiding in analgesia (Denning et al., 2008). Therefore, the link between CPM 
and the endogenous opioid system suggests a possible association with pain modulation in 
athletes, who often have greater amounts of lean musculature.  
Expanding the literature on athletes and pain modulation, Geva and Defrin (2013) 
compared endogenous pain modulation in trained triathletes compared to non-athlete active 
controls. CPM of the triathlete group was significantly stronger than that of the control group, 
indicating more efficient pain modulation in athletes. Further, the triathlete group exhibited 
lower levels of fear of pain and a higher pain tolerance, indicating a heightened ability and 
willingness to endure pain. Together, these results suggest that both physiological and 
psychological factors may contribute to an athlete’s more efficient CPM response. 
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However, these results are not consistent across the literature. Research on pain 
modulation in endurance athletes compared to normally active controls resulted in contrasting 
findings (Tesarz, Gerhardt, Schommer, Treede, & Eich, 2013). In this study, the control group 
exhibited stronger CPM activation than the athlete group. This result suggests that athletes have 
a lesser ability to modulate pain. The ceiling effect is a possible explanation behind these 
findings. The ceiling effect suggests that athletes’ pain modulatory systems are already highly 
activated to compensate for their intensive training schedule. As a result, additional strong 
activation of this system by a noxious conditioning stimulus would exceed what is 
physiologically possible. Based on this reasoning, the athletes in Geva and Defrin’s study may 
have been at a lesser intensity level within their training regimen. Thus, their modulatory system 
was not maxed out, and efficient CPM was observed.  
These paradoxical findings within current literature imply a need for additional research 
on the factors that contribute to endogenous pain modulation. In response, the overall purpose of 
the present project is to further general understanding about the impact of athleticism on pain 
perception. 
Hypotheses 
 The purpose of the current study is to examine the relationship between CPM and 
athleticism. Previous studies (e.g. Freund et al., 2013; Geva & Defrin, 2013; Tesarz et al., 2013) 
have divided participants into two dichotomous groups – athlete vs. non-athlete – resulting in a 
simplistic definition of athleticism. I expanded this definition by measuring athleticism through 
continuous scales of athletic effort and ability. Effort was defined as both the intensity and 
duration of an individual’s daily physical activity and exercise. Ability, on the other hand, was 
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defined as including more skilled capabilities and talent, which may allow an individual to 
naturally excel in sports. CPM was measured through a cold pressor-weighted rod task. 
 We hypothesized that conditioned pain modulation would be more efficient with 
increased levels of athleticism measures. Further, based on previous findings regarding the 
influence of vigorous physical activity on CPM, we predicted that effort would remain 
significant if ability was statistically controlled. However, we did not expect ability to remain 
significant if effort was controlled in the analyses, as effort may be the driving factor behind pain 
modulation.  
Methods 
Participants 
 The participants were undergraduates enrolled in an introductory psychology course at 
The University of North Carolina at Chapel Hill. Subjects were recruited through an online 
participant pool, and were granted research credit for their participation.  
Measures 
  Background Questionnaires. A demographic form gathered basic information 
including age, gender, ethnicity, and hand dominance. The Current Pain Questionnaire assessed 
pain the participant had experienced over the past two weeks and at the time of the experiment. 
Example items include rating “the intensity of your current pain” with a number on a 0-100 
scale, and indicating the “location of your current pain” (e.g. left hand, back, chest, etc.). 
The Pain History Questionnaire identified past and chronic pain. Example items include, 
“have you ever experienced pain daily (or almost every day) for three months or more” and “in 
the past, has pain significantly interfered with your daily activities?”  
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 Athletic Involvement Questionnaire. The Athletic Involvement Questionnaire consisted 
of three main parts to measure (1) athletic ability, (2) athletic effort, and (3) use of ice and/or ice 
baths (see Appendix A). Except where indicated, all components of this questionnaire were 
developed for use in this study. 
Our diverse college student sample allowed us to measure athletic ability at levels 
ranging from collegiate athlete to physically inactive. Specifically, participants indicated if they 
identified as a varsity athlete, club athlete, casual athlete who participates in sports without 
organized training, a regular exerciser, or if they are inactive/do not participate in sports at all. 
Subjects additionally provided a self-report by rating their perceived athletic ability from no 
athletic ability to most athletic ability imaginable. For this visual analog scale (VAS), 
participants made a vertical mark on a 17-cm line between the two ends of the scale to indicate 
where they fell within the spectrum.  
 The second portion of the Athletic Involvement Questionnaire measured athletic effort 
through a modified version of the Short-Form International Physical Activity Questionnaire 
(IPAQ) (Craig et al., 2003). This determined the average frequency and duration of physical 
activity completed by the participant during the past month. Physical activity was broken down 
into three categories: vigorous (e.g. running, singles tennis, fast bicycling), moderate (e.g. yoga, 
doubles tennis, volleyball), and mild (e.g. walking for at least 10 minutes at a time). Participants 
indicated the average number of days per week and minutes per day for which they participated 
in each level of physical activity. 
 In addition to these measures, participants were asked about their use of ice or ice baths 
for general muscle recovery and/or recovery from exercise-induced injuries. They indicated 
recency of use from 1 (never) to 5 (multiple times in the past week), as well as frequency from 1 
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(never) to 5 (very frequently). Additionally, subjects indicated where on their body they usually 
iced, if applicable. This measure served to control for the potential confound of a higher 
tolerance to the cold water used in our cold pressor-weighted rod task. 
 Athletic Ability Opinion Scale. We also developed and administered the Athletic 
Ability Opinion Scale to contextualize the self-report of athletic ability collected in the Athletic 
Involvement Questionnaire (see Appendix B). This measure asked participants to rank the 
athletic ability of the average varsity athlete, club athlete, casual athlete who participates in 
sports without organized training, regular exerciser, and inactive/non-sports individual. For each 
category, subjects made a vertical mark on a line indicating the spectrum from no athletic ability 
to most athletic ability imaginable.  
 Cold Pressor-Weighted Rod Task. Subjects participated in a pressure perception task 
that involved a weighted rod and cold pressor. This task was designed to determine the efficiency 
of a participant’s conditioned pain modulatory (CPM) response. The weighted rod apparatus 
used in our study has been utilized in earlier studies from our lab (Hollins et al., 2009; Hollins & 
Walters, 2016), and found to permit a reliable, sensitive measurement of sensation intensity.  
Procedure 
 Participants first gave written informed consent to participate in our study, and 
subsequently filled out the three background questionnaires. The demographics form, Current 
Pain Questionnaire, and Pain History Questionnaire were given in that order. 
 Subjects next took part in the cold pressor-weighted rod task. They were seated at a table 
in front of the weighted rod apparatus, which consisted of a Styrofoam partition placed between 
the participant and experimenter. The participant placed his/her right forearm palm-down 
through an opening in the partition. The experimenter positioned a plastic-tipped, vertical rod 
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halfway between the participant’s wrist and elbow. The procedure consisted of two blocks with 
six trials in each. For each trial, a different weight was placed on the vertical rod apparatus. The 
total weight ranged from 177 grams to 1177 grams, with increments of 200 grams between each 
weight amount. An online list randomizer was used to control for order effects of the total weight 
amounts. The position of the rod was shifted slightly between trials, and subjects were given a 
break of at least 5 minutes after the first trial block.  
 For each trial, the weighted rod was lowered to the participant’s forearm over the course 
of one second. It was left in place for 15 seconds, with an additional second allowed for raising 
the rod off of the participant’s forearm. When the rod was raised, the participant was asked to 
rate the intensity of the pain of the weight on a scale from zero to 100, where zero indicates no 
pain and 100 indicates the most intense pain imaginable. Additionally, they rated the 
unpleasantness of the pain from zero to 100, with zero indicating not at all unpleasant and 100 
indicating the most unpleasant pain imaginable.  
Immediately preceding each block of weighted rod trials, the subject’s hand was 
submerged to their wrist crease in a cooler of water. The cooler was partitioned by a gridded 
divider, which allowed water to flow freely between the two sections. One section contained ice, 
and the participants’ hand was placed in the opposite section so no direct contact was made with 
the ice. The water was circulated with an aquarium air pump to keep the temperature consistent 
throughout the cooler. 
The subject’s hand remained in the water for the duration of the six weighted rod trials, 
with a maximum time of 5 minutes. The water was thermally neutral (32 degrees Celsius) for the 
first set of trials, and painfully cold (six degrees Celsius) for the second set. After removing the 
hand from the water at the end of each block of trials, the subjects rated both the intensity and the 
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unpleasantness of the pain of the water from zero to 100. We recorded the total time that the 
participant’s hand was in the water, as well as the water temperature before and after each trial 
block, measured with a digital type K/J thermometer.  
 Following the cold pressor-weighted rod task, participants filled out the Athletic 
Involvement Questionnaire and Athletic Ability Opinion Scale in that order. Finally, subjects 
were debriefed on the details of the study and granted credit for their participation.  
Results 
The sample consisted of 100 participants. Test stimulus weights were increased after 
running the first two subjects, who were therefore classified as “practice subjects” and excluded 
entirely from analyses. Of the remaining 98 participants, 24.5% were male (n = 24) and 75.5% 
were female (n = 74). Ages ranged from 18 to 22 (M = 18.80, SD = .994). Questionnaire 
responses indicated that 74.5% of participants were White, 16.3% Asian, 2% Black, 2% Indian, 
and 5.1% multiracial. 22.4% (n = 22) of subjects reported a history of chronic pain, defined as 
pain every day for three months or more. 23.5% (n = 25) of subjects were experiencing pain at 
the time of the study, with an average intensity of 3.42 on a scale from 0 to 100 (SD = 10.53). 
Seven additional subjects were specifically excluded from CPM analyses, one due to 
apparatus failure (insufficiently cold water during the conditioning stimulus phase), and six who 
were unable to tolerate the cold water for the entire trial duration. The final data set thus 
consisted of 91 subjects.  
Athletic Ability and Effort 
 Ability: Self-Report and Derived Ratings. To calculate our derived rating of athletic 
ability, we first combined ability ratings reported in the Athletic Ability Opinion Scale for each 
athletic category across participants. This procedure yielded a single derived rating for the 
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average varsity athlete, club athlete, casual athlete, regular exerciser, and non-sports/inactive 
individual. We then used a paired sample t-test to compare each participant’s self-reported 
measure of ability from the VAS with the derived rating that matched the category with which 
the participant identified. If the participant marked that they identified with multiple categories, 
we used only the category with the highest ability rating for analyses. For example, a varsity 
athlete’s self-report of his or her own athletic ability on the VAS would be compared to the 
derived rating across participants for varsity athletes, regardless of other categories to which 
he/she belonged. This derived rating comparison serves to increase reliability and contextualize 
the self-report. 
 Frequencies (n), means, and standard deviations for each category can be seen in Table 1. 
Results of the paired sample t-test indicate that there was no statistically significant difference in 
athletic ability ratings between the self-reports and derived ratings, offering validation of the 
self-reports, t(97) = -1.425, p = .157. Thus, the self-reported values of athletic ability are used in 
all subsequent analyses. 
Table 1 
Means and standard deviations of self-reported ability, derived ability, and effort values by 
athletic category 
 
Category 
 
n 
Self-Reported Ability 
   M                SD 
Derived Ability 
          M 
Effort (MET) 
   M                SD 
Varsity Athlete 6 66.66   4.58        81.81 98.40 50.39 
Club Athlete 11 66.15   8.23        66.14 91.17 45.04 
Casual Athlete 41 53.11 13.23        51.85 47.42 33.77 
Exercise Regularly 28 43.42 13.92        48.85 35.45 20.33 
Inactive 12 20.78   8.21        19.83 25.80 13.68 
Note. MET = metabolic equivalent of task (hours/week) 
 Athletic Effort. Athletic effort was calculated using values obtained in the IPAQ. Each 
level of physical activity (mild, moderate, vigorous) was weighted according to its appropriate 
metabolic equivalent of task (MET). MET grants a measure of overall energy expenditure for 
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each level of activity in average hours per week (IPAQ Research Committee, 2004). The 
mathematical conversions and calculation can be seen in Table 2. Each participant’s three 
resulting MET-hours/week values were combined to result in a single score of total athletic 
effort, ranging from12.25 to 190.50 hours/week. Refer to Table 1 for average effort scores by 
athletic category. 
Table 2 
 
Metabolic equivalent of task (MET) conversions and overall calculation 
 
Physical Activity 
 
MET Level 
 
Calculation of MET-hours/week 
Mild 3.3 METs (MET level)*(hours of activity)*(days per week) 
Moderate 4.0 METs  
Vigorous 8.0 METs  
 
Correlational analyses were used to examine the relationship between athletic effort (M = 
49.38, SD = 37.68) and athletic ability (M = 48.68, SD = 17.58). Results showed a significant 
positive correlation, indicating that the higher an individual’s athletic ability, the greater amount 
of effort they regularly put forth (r = .484, p < .001). Figure 1 shows this relationship. 
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Figure 1. This graph depicts the significant correlation between participants’ measures of 
athletic ability and athletic effort. Effort scores are presented as metabolic equivalent of task 
(MET) values in hours of activity per week. 
 
Pain of Test and Conditioning Stimuli 
 Pain intensity ratings of the maximally weighted rod (1177g) (M = 16.14, SD = 15.85) 
and cold water (M = 46.90, SD = 24.21) were examined to determine if participants perceived the 
noxious stimuli used in the experiment as painful. Means suggest that subjects perceived the 
maximally weighted rod as mildly painful and the cold water as moderately painful.  
A bivariate correlational analysis showed a significant positive correlation between 
participants’ average pain intensity ratings of the weighted rod during the neutral condition (M = 
9.40, SD = 7.92) and pain intensity ratings of the cold water (r = .539, p < .001). This suggests 
that participants perceived pain induced by the test stimuli and conditioning stimulus similarly.  
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Further bivariate correlations were run to examine the potential relationship between 
athletic ability and pain ratings. The tendency toward a negative correlation between average 
weighted rod pain intensity and athletic ability was not significant (r = -.164, p = .106). 
However, a significant negative correlation was found between cold water pain intensity and 
athletic ability (r = -.232, p = .02), indicating that participants with greater athletic ability 
perceived the noxious conditioning stimulus as less painful. However, usage of ice and/or ice 
baths had the potential to act as a confounding variable within this relationship. Participants’ 
athletic ability showed significant positive correlations with ice usage recency (r = .327, p = 
.001, Figure 2) and frequency (r = .374, p < .001, Figure 3). To control for these possible 
confounders, a partial correlation was run. The resulting relationship between cold water pain 
intensity and athletic ability, when controlling for recency and frequency of ice use, was very 
slightly moderated but remained significant (r = -.217, p = .035). 
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Figure 2. This figure shows the relationship between athletic ability and the recency of 
participants’ ice/ice bath use. The individuals who used ice more recently had, on average, 
greater athletic ability.    
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Figure 3. This figure depicts the relationship between athletic ability and the frequency of 
participants’ ice/ice bath use. The individuals who used ice more frequently had, on average, 
greater athletic ability. Only one participant reported using ice very frequently.  
 
Athletic Category Comparisons 
 Participants were binned into one of our five athletic categories. The grouping was based 
on what athletic category the subject indicated they identified with in the Athletic Involvement 
Questionnaire. If subjects selected more than one category, the category with the highest athletic 
ability was chosen as their main group. One-way ANOVAs were conducted to determine the 
effect of athletic grouping on participants’ athletic ability, effort, and pain intensity ratings of the 
weighted rod and cold water.  
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Ability and Effort. There was a statistically significant difference in self-reported 
athletic ability between groups, F(4,93) = 27.41, p < .001. Tukey’s HSD post hoc test revealed 
that athletic ability was statistically higher in the varsity and club athlete groups compared to the 
regular exercise and inactive groups (ps < .001). Athletic ability was significantly lower for the 
casual athlete group compared to the club athlete group (p = .018), but did not significantly differ 
from the varsity athlete group (p = .089). See Figure 4 for a depiction of the relationship. Refer 
to Table 1 for a breakdown of the means and standard deviations of self-reported ability by 
athletic category. 
 
Figure 4. This figure shows the significant effect of athletic category on athletic ability.  
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Similarly, results revealed a statistically significant difference in athletic effort between 
groups, F(4,93) = 11.625, p < .001. Tukey’s HSD post hoc test revealed that the varsity and club 
athlete groups exhibited statistically higher effort compared to the regular exercise and inactive 
groups (ps < .001). The casual athlete group exhibited significantly lower effort compared to the 
varsity (p = .003) and club (p = .001) athlete groups. See Figure 5 for a depiction of the 
relationship. Refer to Table 1 for a breakdown of the means and standard deviations of effort by 
athletic category. 
 
Figure 5. This figure shows the significant effect of athletic category on athletic effort.  
 
Pain Intensity Ratings. There was a non-significant trending difference in participants’ 
average pain intensity ratings of the weighted rod during the neutral condition between groups, 
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F(4,91) = 2.270, p = .067. There was also a non-significant tendency for participants’ pain 
intensity ratings of the cold water to differ between groups, F(4, 91) = 2.36, p = .060.  
Conditioned Pain Modulation 
CPM efficiency was calculated for pain intensity ratings (M = 2.29, SD = 3.64) and pain 
unpleasantness ratings (M = 2.40, SD = 4.60). For each participant, CPM was computed by 
subtracting the average pain intensity ratings of the weighted rod during the cold water trial from 
ratings during the neutral water trial. A resulting positive score indicates efficient pain 
modulation. Results indicate that the average participant exhibited a robust CPM response. This 
can be seen for pain intensity ratings in Figure 6, and for pain unpleasantness ratings in Figure 7.  
 
Figure 6. This figure shows average pain intensity ratings for each test stimulus weight. 
“Neutral” refers to the pain intensity ratings of the weighted rod in the neutral water condition, 
and “Cold” refers to ratings in the cold water condition. “CPM” is conditioned pain modulation, 
calculated as the average intensity ratings from the neutral condition minus those from the 
cold condition. 
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Figure 7. This figure shows average pain unpleasantness ratings for each test stimulus 
weight. “Neutral” refers to the pain unpleasantness ratings of the weighted rod in the neutral 
water condition, and “Cold” refers to ratings in the cold water condition. “CPM” is conditioned 
pain modulation, calculated as the average unpleasantness ratings from the neutral condition 
minus those from the cold condition. 
 
Bivariate correlations were conducted to determine the relationships between CPM 
measures, athletic ability, and athletic effort. Results indicated a significant positive correlation 
between CPM-intensity and CPM-unpleasantness (r = .884, p < .001). However, CPM-
intensity was not significantly correlated with athletic ability (r = -.095, p = .371) or athletic 
effort (r = .094, p = .374). Similarly, CPM unpleasantness was not significantly correlated with 
either ability (r = -.093, p = .381) or effort (r = .053, p = .615). 
Further independent sample t-test analyses revealed that measures of CPM, effort, and 
ability did not differ by gender or history of chronic pain. Lastly, a one-way ANOVA was 
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conducted to determine if there was an effect of athletic category on CPM efficiency. Results 
indicated that CPM-intensity (F(4,86) = 1.73, p = .150) and CPM-unpleasantness (F(4,86) = 
1.22, p = .310) did not differ by athletic category. 
Individualized CPM Ratings. The non-significant correlations found between 
measures of CPM and athleticism prompted further analyses to control for widely varying and 
relatively low pain ratings of the test stimulus. To do so, we “individualized” the test stimulus 
intensity for each participant based on which weight amount was required to elicit a specific 
pain rating. A test stimulus pain intensity rating of 10 was chosen for this analysis, as the 
majority of participants gave this rating during the procedure. Next, CPM was calculated for 
the specific weighted rod intensity at which each participant gave this rating. For example, if a 
participant gave a rating of 10 for the 377g stimulus during the neutral condition, this rating of 
10 was subtracted by the corresponding pain intensity rating given to the same 377g stimulus 
during the cold water condition. In the end, each participant had an assigned stimulus-specific 
CPM score. 
Bivariate correlations were conducted to determine the relationships between the 
stimulus-specific CPM scores and measures of athleticism. Results indicated non-significant 
correlations between individualized CPM and athletic ability (r = .015, p = .885) or effort (r = 
.148, p = .160). 
Discussion 
Athletic Ability, Effort, and CPM 
 The overall results do not support the main hypothesis that greater levels of athletic 
ability and/or effort will indicate a more efficient CPM response. Instead, we found no 
relationship between CPM and measures of athleticism. These findings indicate that, no matter 
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an individual’s athletic ability or the effort he/she puts forth, pain modulation remains a 
relatively stable characteristic.  
 Previous literature suggests that athletes may exhibit higher (e.g. Geva & Defrin, 2013) 
or lower (e.g. Tesarz et al., 2013) CPM in comparison to control subjects. These findings, 
though differing in their directionality, do suggest some relationship between CPM and 
athleticism. However, the results of the current study directly conflict with these conclusions.  
A possible explanation behind these differences may stem from the noxious stimuli used in the 
current study. In the previous literature, many researchers chose to individualize the test 
stimulus intensity for each participant. The stimulus elicited a minimum specified pain rating, 
ensuring that all participants perceived the stimulus as painful. For example, in a study 
comparing CPM efficiency of endurance athletes compared to inactive controls, the heat test 
stimulus temperature was individualized through a pre-test in order to elicit a pain rating of 50 
out of 100 for each participant (Tesarz et al., 2013). In contrast, participants in the current 
study perceived the maximally weighted test stimulus as a much lesser pain (average of 16.14 
out of 100). As a result, a floor effect may have occurred, so no participant’s pain modulatory 
capacity reached its maximum. In other words, the stimulus may not have elicited enough pain 
to allow for differentiation between groups of varying athletic capabilities. 
Athletic Ability and Pain Ratings 
 Ratings of pain induced by the cold pressor were significantly lower for participants with 
greater levels of athletic ability. This relationship indicates that individuals with greater athletic 
capabilities exhibit lower pain sensitivity, suggesting a possible reasoning behind why higher 
caliber athletes are often able to persist through more painful training sessions and competitions. 
These pain sensitivity findings are supported by Freund et al. (2013), who found that ultra-
CUTANEOUS	  PERCEPTION	  AND	  PHYSICAL	  ACTIVITY	   27	  
marathon runners demonstrated higher cold pain tolerance compared to matched sedentary 
controls. It was expected that this reduction in cold pain sensitivity might be due to ice usage, as 
my results suggested that athletes of greater ability used ice for recovery more frequently and 
recently than individuals of lower athletic ability. However, the relationship remained significant 
after controlling for ice usage, suggesting that other physiological mechanisms may be at play.  
Additional prior research has also shown a relationship between cold pain sensitivity and 
mechanical pain sensitivity (Birklein et al., 2008). This is of particular note because athletes 
undergo heightened mechanical pain during training and competition (Freund et al., 2013). The 
current study supported this concept, revealing a significant relationship between pain ratings of 
the cold pressor and weighted rod stimuli. Interestingly, the current study revealed no 
relationship between athletic ability and ratings of pain induced by the weighted rod. Overall, 
these findings suggest that higher caliber athletes may only experience selective cold pain 
sensitivity reduction. However, a floor effect may also explain the lack of relationship, as the 
weighted rod pain ratings were significantly lower than the pain ratings of the cold pressor. 
Therefore, pain induced by the weighted rod may have been too low to reveal true differences 
between individuals with higher or lower athletic ability.      
Limitations 
 A main limitation of the present study is found in the pain ratings obtained from the test 
stimuli. Though CPM was observed, the weighted rod was only perceived as mildly painful on 
average, which may not have been enough to allow for differentiation between participants of 
varying athletic ability and effort levels.  
A second limitation is the sample’s distribution of effort scores. The data exhibited a 
positive skew and heightened kurtosis, meaning that the sample lacked appropriate variability for 
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activity levels. The IPAQ relied on a retrospective self-report of physical activity, which may be 
subject to social desirability bias and participants’ subsequent distortion of actual activity levels. 
Further, the study’s relatively homogenous college student sample may have simply lacked the 
variability found in a more heterogeneous sample, thus potentially lowering the generalizability 
of athletic effort results. 
Future Directions 
Future research may expand upon the current study by gathering more direct and exact 
measures of athletic ability and effort. For example, ability may be measured physiologically 
through a VO2max test, or directly through athletic agility or power tests. Effort data may be 
gathered through a daily activity log or pedometer. These suggestions would go beyond 
retrospective self-report, and give more reliable and thorough measures of athleticism. Further, 
future studies may elicit a more robust CPM response by increasing the test stimulus intensity 
used in the current study. By combining this alteration with my novel definition of athleticism 
and broader groupings of individuals, differing results may be found. 
Conclusion 
The current study expanded upon previous literature by creating a more nuanced 
definition of athleticism through measurements of athletic ability and effort. This allowed for a 
more through and in-depth view of athletics. Further, the current study allowed for multiple 
levels of analyses at both the individual and athletic grouping levels. Results indicated no 
relationship between CPM and athleticism, suggesting that CPM may be a more stable 
characteristic within the sample. However, we did find a relationship between athletic ability and 
cold pain ratings, suggesting that athletes with heightened ability may exhibit some lower pain 
sensitivities.  
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Appendix A 
Athletic Involvement Questionnaire 
 
1. Check all that apply to you. 
☐ I am a varsity athlete 
☐ I am a club athlete 
☐ I am a casual athlete who plays sports (such as intramurals), but without      
     organized training 
☐ I exercise regularly 
☐ I do not play sports/am inactive 
 
2. What type of sports/exercises do you regularly participate in? 
 
 
 
 
3. How would you rate your own athletic ability? 
 
 
 
 
 
 
 
4. How recently have you used ice/ice baths for recovery or for exercise-induced injuries? 
1 – never 
2 – in the past year 
3 –in the past month  
4 – once in the past week 
5 – multiple times in the past week 
 
5. Do you frequently use ice/ice baths? 
1 – never 
2 – rarely   
3 – occasionally  
4 – frequently  
5 – very frequently 
 
6. What location on your body do you usually ice?  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	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1. During the last month, did you participate in vigorous physical activities (i.e. activities 
that make you breathe much harder than normal – fast bicycling, running, singles tennis, 
swimming steady paced laps, basketball game)? 
 
☐ Yes     ☐ No 
 
2. If yes, how many days per week did you do vigorous activity? 
 
________ days 
 
3. On average, how many minutes per day did you do vigorous activity? 
 
________ minutes 
 
       
4. During the last month, did you participate in moderate physical activities (i.e. activities 
that make you breathe somewhat harder than normal – yoga, doubles tennis, recreational 
swimming, volleyball)? 
 
☐ Yes     ☐ No 
 
5. If yes, how many days per week did you do moderate activity? 
 
________ days 
 
 
6. On average, how many minutes per day did you do moderate activity? 
 
________ minutes 
 
7. During the last month, did you participate in mild physical activities (i.e. walking for at 
least 10 minutes at a time)? 
 
 ☐ Yes     ☐ No 
 
8. If yes, how many days per week did you do mild activity? 
 
________ days 
 
9. On average, how many minutes per day did you do mild activity? 
 
________ minutes 
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Appendix B 
Athletic Ability Opinion Scale 
 
On each scale, make a vertical mark indicating the degree of athletic ability you associate with 
each category of involvement in athletics. 
 
 
How would you rank the athletic ability of the average varsity athlete? 
 
 
 
 
 
How would you rank the athletic ability of the average club athlete? 
 
 
 
 
 
 
How would you rank the athletic ability of the average casual athlete – someone who plays 
sports (such as intramurals), but without organized training? 
 
 
 
 
 
 
How would you rank the athletic ability of the average individual who exercises regularly, but 
without participation in sports? 
 
 
 
 
 
 
How would you rank the athletic ability of the average non-sports/inactive individual? 
 
 
 
 
 	  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	  
No	  Athletic	  Ability	   Most	  Athletic	  Ability	  Imaginable	  
